We report the systematic in-plane magnetoresistance measurements on the electron-doped cuprate La 2-x Ce x CuO 4±δ thin films as a function of doping and oxygen content in the magnetic field up to 14 T.
related to the intrinsic inhomogeneity in the cuprates, which can be understood in the framework of network picture.
In order to understand the high-T c superconductivity in the cuprates, it is necessary to study the unusual properties of the normal state by suppressing the superconductivity with magnetic field. Till now, many investigations of magnetoresistance (MR) are focused on the hole-doped cuprates to study properties of the normal state, i.e. the topology of Fermi Surface 1, 2 , quantum criticality 3 etc. Compared with hole-doped cuprates, it is much easier to quench the superconductivity to study the normal state behaviors in the electron-doped counterpart 4 . Recently, low temperature negative MR (n-MR) effect was found in underdoped region of Pr 2-x Ce x CuO 4±δ (PCCO), Nd 2-x Ce x CuO 4±δ (NCCO) and La 2-x Ce x CuO 4±δ (LCCO) in the case of B (magnetic field)⊥ab plane (i.e. CuO 2 plane) [5] [6] [7] . The origin of n-MR was attributed to two-dimensional weak localization, Kondo scattering, etc. Meanwhile, an upturn in temperature dependence of resistivity in the underdoped regime and metal-to-insulator transition near the optimal doping level were suggested to be related to the appearance of antiferromagnetic order with reducing temperature and doping, respectively 5, 8, 9 . When B//ab plane, the in-plane MR showed two-fold symmetry in LCCO and coexistence of two-and four-fold symmetries in PCCO and NCCO, both pointing to the antiferromagnetic order [10] [11] [12] . Neutron and transport studies on Pr . In addition to Ce doping, tuning oxygen by varying annealing procedures also has remarkable influence on the properties of normal state 17, 18 . For instance, the crossover from n-MR to positive MR (p-MR) was found by reducing the oxygen contents in NCCO 19, 20 . Meanwhile the antiferromagnetic order fades away with increasing the annealing time 11, 21 .
Although fruitful MR anomalies in normal state of electron-doped cuprates have been unveiled, a systemic study on MR effects as a function of temperature, Ce, as well as oxygen in one system is still lacking. In this paper, we present the in-plane MR of LCCO thin films in a wide range of Ce doping levels and oxygen content when B//ab plane. At x = 0.06 and 0.07, the optimally annealed samples exhibit n-MR. The crossover from n-MR to p-MR occurs between x = 0.07 and 0.08. By varying the annealing processes, the in-plane MR of LCCO at x = 0.15 changes from n-MR (as-grown samples) to p-MR (the optimally annealed samples). Intriguingly, the linear MR is observed at the underdoped doping level x = 0.06 and the optimal doping level x = 0.1. All the results are summarized in the phase diagram (see in Fig.4 ). These MR behaviors may be interpreted by the existence of a network in the LCCO thin films . By changing the annealing time, samples of different oxygen contents can be obtained. Now we move to the second phenomenon: the linear MR, as shown in Fig.1(a) and Fig.3 . Till now, several models were proposed to explain the origin of linear MR, such as quantum MR 32 , four-terminal resistor network 33 , and density-wave transition 34 , etc. Based on the assumption of a gapless spectrum with a linear momentum dependence, Abrikosov proposed that linear quantum MR exists when system is in the limiting quantum case with electrons only in one Landau level 32 . But in PCCO, of which the properties are similar to LCCO, quantum oscillation only occurs when the magnetic field is above 60 Especially, the Hall signal is along the current direction and contributes to the MR dramatically as B⊥I.
This situation is similar to our result: the linear MR is more obvious when we only consider the case of B⊥I (shown in the inset of Fig.3 ). Near 35 K, the Hall signal near optimal doping level x = 0.1 is almost linear with magnetic field 22, 37 . Meanwhile, in lightly doped regime, both the ARPES 38 and Hall effects 37 show that there exists single electron band on the Fermi surface. So LCCO films with x = 0.1 and x = 0.06 at 35 K exhibit linear MR, similar to the situation in non-magnetic silver chalcogenides 39 .
Consequently, the four-terminal resistor network gives a plausible interpretation on linear MR in LCCO. For optimally doped regime the MR is positive and a near-liner scaling relation emerges at low magnetic fields (~ 5T). Thus, the MR for near optimal doping levels converges onto a single function at fields below 5T. For larger fields strong deviation appears again in the proposed scaling behavior. The contrasting dependence of this scaling behavior across magnetic fields at 35 K suggests the presence multiple field-tuned correlations in the normal state in LCCO films.
